Infections and inflammatory processes have been associated with the development of schizophrenia and affective disorders; however, no study has yet systematically reviewed all available studies on cerebrospinal fluid (CSF) immune alterations. We aimed to systematically review the CSF immunological findings in schizophrenia spectrum and affective disorders. We identified all studies investigating CSF inflammatory markers in persons with schizophrenia or affective disorders published prior to March 23, 2017 searching PubMed, CENTRAL, EMBASE, Psychinfo, and LILACS. Literature search, data extraction and bias assessment were performed by two independent reviewers. Meta-analyses with standardized mean difference (SMD) including 95% confidence intervals (CI) were performed on case-healthy control studies. We identified 112 CSF studies published between 1942-2016, and 32 case-healthy control studies could be included in meta-analyses. Studies varied regarding gender distribution, age, disease duration, treatment, investigated biomarkers, and whether recruitment happened consecutively or based on clinical indication. The CSF/serum albumin ratio was increased in schizophrenia (1 study 2 = 0%) were increased in schizophrenia but not significantly increased in affective disorders. Most of the remaining inflammatory markers were not significantly different compared to healthy controls in the meta-analyses. However, in the studies which did not include healthy controls, CSF abnormalities were more common, and two studies found CSF dependent re-diagnosis in 3.2-6%. Current findings suggest that schizophrenia and affective disorders may have CSF abnormalities including signs of blood-brain barrier impairment and inflammation. However, the available evidence does not allow any firm conclusion since all studies showed at least some degree of bias and vastly lacked inclusion of confounding factors. Moreover, only few studies investigated the same parameters with healthy controls and high-quality longitudinal CSF studies are lacking, including impact of psychotropic medications, lifestyle factors and potential benefits of anti-inflammatory treatment in subgroups with CSF inflammation.
Introduction
Immunological mechanisms in mental disorders have become an area of significant interest [1] , and several studies have associated infections and autoimmune diseases with an increased risk of specifically schizophrenia and affective disorders [2] [3] [4] . Studies have also shown increased levels of peripheral pro-inflammatory markers [5] [6] [7] [8] [9] [10] [11] and genes involved in regulation of the immune system in both schizophrenia and depression [12] . Furthermore, beneficial effects Corrected: Correction of anti-inflammatory treatment have been found in depression [13] and subgroups with psychotic disorders [14] .
However, knowledge is sparse regarding the prevalence of abnormal immunological findings in cerebrospinal fluid (CSF) of people with severe mental disorders. CSF is the biological material closest to the brain that can be easily assessed and lumbar puncture is a routine procedure in neurological but not (yet) in psychiatric practice. Nonetheless, CSF studies have revealed increased CSF/serum albumin ratio in individuals with schizophrenia and affective disorders [6, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] indicating increased blood-brain barrier (BBB) permeability. Other studies found elevated CSF cell count [15, 16, 20, 26, 27] , IgG index [16, 21] , and the presence of oligoclonal bands [15, 16, 18, 20, 21] which could be indicators of inflammation and intrathecal immunoglobulin production. Also, a meta-analysis found several specific infectious agents to be associated with schizophrenia; however, most studies were based on blood and not CSF, and control groups consisted typically of non-healthy subjects [28] . Another meta-analysis found increased CSF levels of interleukin 1β (IL-1β), IL-6, and IL-8 in patients with severe mental disorders [29] . Despite these intriguing findings, no systematic review has hitherto gathered all the knowledge on infectious and inflammatory CSF abnormalities among patients with severe mental disorders.
Hence, most knowledge on the role of the immune system in mental disorders stems from studies on severe mental disorders, i.e., schizophrenia and affective disorders. Therefore, we aimed to conduct the first systematic review of all CSF studies examining inflammatory markers and infections in persons with schizophrenia spectrum or affective disorders, including meta-analyses of studies with healthy controls. Furthermore, we included the potential clinical implications of a CSF test, risk of adverse events and risk of bias.
Methods
The study protocol was a priori uploaded on PROSPERO (ID: CRD42017058938) and is available as online supplementary file.
Study selection and search method
In this systematic review we included studies investigating inflammatory markers and infections in the CSF of persons with schizophrenia spectrum disorders or affective disorders, fulfilling the following criteria:
1. Investigation of CSF markers related to inflammation or infections as defined under our primary outcomes. 2. Inclusion of persons diagnosed with schizophrenia spectrum or affective disorders according to Studies from all time periods with study subjects in all ages, sexes, and races were included. We included both studies without controls and studies with healthy or non-healthy control groups, but only studies with healthy controls were used for the meta-analysis. The search was performed until March 23, 2017 
Data extraction and bias assessment
Two authors (SO and OKF) extracted data using a pre-piloted structured form not blinded to study results, author names or institutions. This included bibliographical data and participant description. Authors were contacted by e-mail in case of missing details with a reminder sent in case of no response. Two authors (SO and OKF) conducted bias assessment according to the Newcastle-Ottawa criteria for case-control studies as suggested by the Cochrane collaboration (eMethods).
Statistical analysis
The primary analyses were conducted using RevMan 5.0. When fixed-effects analysis and the random-effects analysis resulted in similar results, only findings from the random effects analysis were reported, but in case of discrepancies both results were reported. We conducted analysis using the standardized mean difference (SMD) since we expected differences in assays. SMD is the mean difference in outcome between cases and controls divided by the pooled standard deviation (SD) giving the result of a unit free effect size. By convention, SMD effect sizes of 0.2, 0.5, and 0.8 are considered small, medium and large effect sizes. Our conclusions were based on the SMD even though we also present results from mean difference. The chi-squared test for heterogeneity will be used to provide an indication of between-trial heterogeneity. In addition, the degree of heterogeneity observed in the results was quantified using the I 2 statistic, which can be interpreted as the percentage of variation observed between the trials attributable to between trial differences rather than sampling error (chance).
Post-hoc analyses
First, since CSF analysis techniques have improved over time, we performed sensitivity analyses on studies published after the year 2000. Second, we divided patients with psychosis into acute (inpatient treatment) and chronic (recruited in an outpatient setting) psychosis and performed analyses if there were at least two studies in each group, i.e., acute versus chronic.
Results

Search results and study characteristics
We identified 6571 studies (Fig. 1) , of which 229 were assessed for full-text inspection. A total of 112 studies investigated CSF immune-related alterations, out of which 38 studies included control groups consisting solely of healthy controls. Data from 32 studies had data necessary for conducting meta-analyses, either published or send to us by the authors. Study characteristics are described in Table 1 . Briefly, studies varied regarding gender distribution, age, disease duration, treatment, investigated biomarkers, and whether recruitment happened consecutively or based on clinical indication. In the following sections, the meta-analysis results are presented first (the findings on each specific CSF marker are shown in Table 2 and eTable 1 with forest plots in Figure 2 and eFigure 1) followed by a summary of the remaining CSF studies without healthy controls. Additional analyses only including studies published after the year 2000 supported the primary analyses (eFigure 2). The study characteristics, baseline data, and results for studies without controls or with non-healthy controls are shown in eTables 2 and 3, while results from the studies combining cases with schizophrenia spectrum and affective disorders are presented in the Results.
Bias assessment
All studies included in the meta-analysis showed at least some degree of bias (eTable 4). The majority of studies were biased concerning the actual case definition (16/32), representativeness of cases (28/32), random selection of controls (20/32) , comparability between cases and controls (21/32) and ascertainment of exposure (27/32) .
Primary outcomes
CSF cell count, total protein, albumin, and albumin ratio
Schizophrenia spectrum disorders
In the meta-analysis comparing to healthy controls, total protein (3 studies [97 patients]; SMD: 0.41; 95% CI 0.15-0.67; I 2 = 0%) and albumin ratios (1 study [54 patients]; SMD: 0.71; 95% CI 0.33-1.09) were elevated, whereas albumin and cell counts were not significantly increased.
Across all CSF studies, cell counts ranged from normal [18, 19, 23, [30] [31] [32] [33] [34] [35] [36] to increased levels in up to 3.4% of the cases [20, 26] with no difference comparing to neurological controls [37] . Total protein levels varied from normal [18, 22, 30, 31] to increased in up to 42.2% of cases [6, 20, 26, 38, 39] , with no difference in the studies comparing to neurological, psychiatric, surgical or healthy controls [32, [40] [41] [42] [43] . Albumin levels ranged from normal [18, 22, 30, 31] to increased in up to 16% of cases [6, 24, 39] , with no difference in the studies comparing with psychiatric controls [40] or a combined group of healthy and psychiatric controls [38] . The albumin ratio ranged from normal [36, 37, 44, 45] to increased in up to 53% of the cases [6, [19] [20] [21] [22] [23] [24] [25] , with no difference in the studies comparing to healthy controls [25] or a combined group of healthy and psychiatric controls [38] .
Affective disorders
In the meta-analysis comparing to healthy controls, cell count was not significantly increased, whereas total protein levels ( [18, 46] or increased cell counts in up to 13.1% [15, 16, 27] , with no difference in the studies comparing to neurological controls [15, 47] . Total protein ranged from normal [18, 47, 48] to increased levels in up to 36.6% of cases [16, 27, 49] , with no difference in the studies comparing to psychiatric or neurological controls [16, 40, 47] . Albumin was not different compared to somatically ill or psychiatric controls [40, 50] . The albumin ratio was increased in up to 44% of cases [15] [16] [17] [18] but with no difference in the studies comparing with neurological controls [15, 16] .
CSF immunoglobulins
Schizophrenia spectrum disorders
In the meta-analysis comparing to healthy controls, IgG/albumin ratio was decreased (1 study [32 patients]; SMD = −0.62; 95% CI −1.13 to −0.12), IgG ratio was increased (1 study [54 patients]; SMD = 0.68; 95% CI 0.30-1.06), whereas IgG levels and the IgG index were not significantly increased.
In the other CSF studies, immunoglobulins were increased in 3% of the cases [51] , whereas IgG and the IgG index were normal [19, 22, 36, 50] or increased in up to 33% [6, 19, 21, 24, 52] of cases, respectively. In the studies comparing with surgical, neurological or a combined group of psychiatric and healthy controls, the IgG ratio, IgG, IgA and IgM were decreased [32, 53] or not different in cases [22, 38, 50] . Oligoclonal bands were absent in some reports [18, 36, 54] but present in up to 12.5% of cases in others [20, 21] . An intrathecal immunoglobulin synthesis was observed in none [18] to 7.2% of cases [20] . Fig. 1 Flowchart of literature search and study selection In the meta-analysis, IgG levels, the IgG/albumin ratio, the IgG ratio and the IgG index were not significantly different compared to healthy controls.
In studies not included in the meta-analysis IgG was present in all cases [55] , with increased levels of IgG [49] but within normal range IgG ratio [16] ; however, the IgG index was significantly higher in cases in the one study comparing with neurological controls [16] . IgM was not present in cases [49, 55] while IgA was present in 23.3% [49, 55] . Oligoclonal bands were found in up to 12.5% of cases [15, 16, 18] with no difference in the studies comparing to neurological controls [15, 16] . Intrathecal immune response was present in none [18] to 30% of cases and significantly increased in the study comparing with neurological controls [16] .
CSF interleukins
Schizophrenia spectrum disorders
In the meta-analysis comparing to healthy controls, IL-8 (3 studies [95 patients]; SMD = 0.46; 95% CI 0.17-0.75; I 2 = 0%) and IL-6 (7 studies [230 patients]; SMD = 0.55; 95% CI 0.35-0.76; I 2 = 1%) were significantly increased. In a post-hoc analysis, we found that IL-6 was significantly elevated in acute psychosis (SMD = 0.46; 95% CI 0.22-0.71; I 2 = 1%) and chronic psychosis (SMD = 0.75; 95% CI 0.39 to 1.12; I 2 = 0%) with the betweengroup difference being not significant (p = 0.20) (eFigure 3). The levels of IL-1alpha, IL-1beta and IL-2 were not statistically different from healthy controls.
In the studies not included in the meta-analysis, the anti-inflammatory cytokines IL-4 and IL-10 were present in 64 and 14% of cases, respectively. Concerning proinflammatory cytokines, IL-2 was detected in 95%, IL-5 in 40%, IFN-gamma in 14%, TNF-beta in 41%, and TNFalpha in 50% of cases [7] . Other studies found no difference to neurological controls in levels of IL-2, IL-6, and TNF alpha [33] or decreased levels of IL-1beta, sIL2r [33] , and TNF-alpha [56] compared to neurological and surgical controls. Interferon was reported to be absent [31] or present in up to 59% of cases [57] [58] [59] [60] but with no difference in the study comparing to psychiatric controls [60] .
Affective disorders
In the meta-analysis comparing to healthy controls, IL-1, IL-1beta, IL-6, IL-8, and TNF-alpha were not significantly increased ( Table 2 , Fig. 2 and eFigure 1) . The studies comparing neurological [47, 61] and healthy [62] controls that were not included in the meta-analysis, showed that cases had decreased or unchanged levels of IL-6 [61] [62] [63] , decreased levels of sIL-6r [62] and sIL-2r [47] , increased levels of IL-1beta [61, 63] , and unchanged levels of TNF-alpha [61] and sgp130 [62] . Moreover, a wide range of inflammatory markers were found to be similar in psychiatric patients compared to neurological controls (eTable 1) [63] . IL-7, IL-12, or granulocyte-colony stimulating factor (G-CSF) were not detected [63] . 
Specific CSF antibodies
Schizophrenia spectrum disorders
One study with healthy controls found increased CMV and toxoplasma gondii IgG in antipsychotic naïve cases [36] , but the data were not suitable for meta-analysis. Other studies found that CMV antibodies [48, [64] [65] [66] [67] [68] were either undetectable [48, [64] [65] [66] [67] [68] or present (in up to 18.5% of cases; 43,66,67), but this was not different from surgical [32] or psychiatric and healthy controls [38, 69] . HSV-1 or 2 antibodies were undetectable in one [19] but detectable in the other studies (present in up to 69% of cases) [48, 57-59, 64, 67, 70] , but without difference in the studies comparing to neurological, surgical controls, psychiatric or healthy controls [30, 32, 36, 38] . Studies found antibodies in cases against mumps in 2.9% [64] (but decreased compared with surgical controls [32] ), VZV in 5.7% [64] , tick-borne encephalitis virus in 7.3%, orbivirus lipovnik in up to 2.9%, choriomeningitis virus in 5.3% [57] , and nucleotide sequences homologous to those of known retroviruses in 20% of cases [71] , whereas others did not find CSF antibodies against infectious agents [19, 30, 39, 64, 66, 72, 73] . There was no difference in the Schizophrenia spectrum disorders vs. healthy controls: levels of antibodies towards measles [32] , rubella [30, 32] , VZV [32] , adenovirus [32] , vaccinia [38] , or influenza [38] between cases and surgical [30, 32] , psychiatric or healthy controls [38] .
Antibodies against neuronal cell surface antigens were detected in up to 2.4% and against intracellular onconeural antigens in up to 2.1% of cases but none against intracellular synaptic antigens in cases [20] . Others found anti-brain antibodies in 48.1% of cases [74] , with a study finding dopamine IgG in 100% of cases and significantly elevated compared to the 41% of neurological controls [22] . No difference of antibodies against myelin basic protein and glial fibrillary acidic protein was observed compared to surgical controls [31] . Studies found CSF antibodies against toxoplasma gondii in 52.5% [16] , HSV in up to 85%, EBV in up to 60% [16, 48] , CMV in 3% [72] and BDV in up to 50% [16, 45] of cases. Others found no antibodies against measles [48] , CMV [48] , or treponema pallidum [73] in cases. There were no antibodies against intracellular antigens or neuronal cell surface antigens [75, 76] .
Secondary outcomes
Correlation between CSF findings and psychiatric symptoms
Correlations have been found between albumin and IgG with SANS scores [6] , and higher IL-8 levels with higher MADRS scores [77] . However, most authors reported no correlation between psychiatric symptoms and the following CSF findings: total protein [27, 46] , impairment of the BBB [51] , IL-1alpha [78] , IL-1beta [61] , IL-2 [78, 79] , IL-6 [80] [81] [82] [83] [84] [85] , sIL-6r [24] , IL-8 [85] [86] [87] , IL-10 [83] , IL-15 [63] , TNF-alpha [56] , neopterin [44] , MIP-1alpha [44] , MCP-1 [63] , and lymphocyte activational stage [40] .
Correlation between CSF findings and psychotropic medication
A total of 17 studies investigated the association between medication and CSF findings. CSF analysis in patients on antipsychotic medication revealed a tendency towards normalization of the CSF cytological alterations [37] . There was a correlation between higher albumin ratio and IL-1alpha with antipsychotic treatment [78, 88] , IL-8 and the use of lithium or antipsychotics but not the use of other psychotropic medication [86] . However, most studies found no correlation between antipsychotic or antidepressant medication and CSF levels of IgG, IgM, IgA [53] , IgG index [25] , total protein [73] , albumin ratio [88, 89] , CMV IgM [45] , lymphocytic profile [23] , IL-1 beta, IL-2, sIL-2r, IL-6, IL-8, and TNF alpha [33, 78, 84, 85, 90] , or impairment of the BBB [19, 21, 25, 51, 91] .
Change of diagnosis after CSF analyses
Two studies reported that 3.2% (N = 5/155) [92] , respectively, 6% (N = 4/63) [93] of patients with initial diagnoses of affective [93] or schizophrenia spectrum disorders [92, 93] received a revised diagnosis following CSF analyses, including infections and autoimmune disorders.
Adverse events after lumbar puncture
Only one study reported on adverse events related to the lumbar puncture and found that mild to moderate adverse events (mostly headaches or local pain at the puncture site) occurred in 10.3% of the cases; 1.3% experienced severe post-lumbar puncture headache with nausea [92] .
Discussion
This is the first systematic review and meta-analysis of the available evidence from eight decades on immune-related CSF investigations in schizophrenia and affective disorders, including previously unpublished data acquired from contacts to the study authors. Our meta-analysis pointed towards BBB impairment with increased albumin ratio and total protein in schizophrenia and affective disorders, and increased levels of albumin in affective disorders. The increased IgG CSF/serum ratio (and a non-significantly increased IgG index) in schizophrenia might suggest intrathecal IgG production. Moreover, IL-6 and IL-8 levels were increased in schizophrenia but not significantly increased in affective disorders. However, all studies included in the meta-analysis showed at least some degree of bias, specifically concerning representativeness of cases and ascertainment of exposure.
The major limitation was the small number of studies with healthy controls; hence, the largest meta-analysis included 4 studies with 302 cases. Several meta-analyses were based on one study. The remaining part of the systematic review consisted of studies with non-healthy control groups or without a control group lowering the reliability. Second, detailed study protocols were commonly unavailable, case groups were often unsystematically identified and consisted of various diagnostic categories with variable disease duration, severity and age of onset, making it difficult to apply the results to specific patient groups. Third, CSF analysis varied according to sampling time points and sensitivity of the cytokine assays, and many studies did not disclose the number of samples above the detection limit. In addition, assays have developed over time and hence studies used different techniques, and particularly the broad spectrum of new and more sensitive methods has been emphasized by several studies [94, 95] . Fourth, the majority of studies were cross-sectional. Fifth, we could not perform meta-analyses on studies investigating the importance of psychotropic medication nor could we identify longitudinal studies investigating psychotropic medication. Furthermore, studies with healthy controls examining a broad range of immune-related CSF markers were lacking. Sixth, we only included articles written in English and geographic biases might occur as clinicians may be more likely to perform lumbar punctures in areas where infections with treatable infectious agents are prevalent. Seventh, several studies did not match on important factors such as age or gender (eTable 4) and did not control for important confounders such as BMI, smoking or diet. These confounding factors have been shown to largely influence the associations between at least peripheral inflammatory markers and depression [96] , which need to be considered in future studies also for CSF inflammatory markers. Finally, we had no knowledge regarding longitudinal data relating to clinical state and severity of the disorder or response to medications.
The major findings in our meta-analysis were increased albumin ratios and total protein suggestive of BBB leakage or dysfunction. Supporting this, studies have found an increased albumin ratio in up to 53% with schizophrenia spectrum disorders [6, [19] [20] [21] [22] [23] [24] [25] and 44% with affective disorders [15] [16] [17] [18] . An impaired BBB may leave the brain more vulnerable to harmful substances in the blood, including immune components. It might also be an indicator of inflammation within the central nervous system (CNS), which is also indicated by the non-significantly increased CSF cell counts.
Our meta-analysis reveals evidence for intrathecal IgG production in a subset of psychiatric patients [20, 93] and oligoclonal bands were increased in up to 12.5% of cases [15, 16, 18, 20, 21] , which may indicate acute or chronic inflammation, an "immunological scar" from previous inflammation of brain tissue, immunoglobulin production or a local B cell immune response in certain subgroups of patients [97] .
Interleukins are produced by the immune system and regulate many aspects of inflammation and the immune response. The present meta-analyses showed increased levels of IL-6 and IL-8 in schizophrenia spectrum disorders, whereas in affective disorders all cytokines levels were nonsignificantly increased. Other recent meta-analyses revealed evidence of increased CSF levels of IL-1β in schizophrenia and bipolar disorders and increased levels of IL-6 and IL-8 in schizophrenia and depression [29, 98] . IL-6 stimulates CRP production by hepatocytes, and IL-8 primarily induces chemotaxis and phagocytosis. Increased levels of several peripheral cytokines have also been reported for schizophrenia, bipolar disorder and depression [99] [100] [101] . Although CSF cytokine levels reflect CNS inflammation more precisely, peripheral IL-6 can reach the CNS through the choroid plexus or because of increased BBB permeability [102] .
The studies on CSF antibodies could not be included in meta-analyses. Nonetheless, studies found antibodies against CNS tissue in up to 100% [20, 22, 74] and HSV-1 antibodies in up to 69% of cases with schizophrenia spectrum disorders [48, 57-59, 64, 70] , but the results for most of the other infectious agents were rather conflicting. Antibodies against HSV [16, 48] , Toxoplasma gondii [16] and EBV [16, 48] had the strongest associations with affective disorders. Furthermore, studies without healthy controls have found signs of CNS pathology in up to 41% of cases [93] .
Antipsychotic medication has been found to increase BBB permeability in animal studies [103] and affect immune cells in the CNS [23, [104] [105] [106] , highlighting the importance of evaluating the effect of psychotropic medication when analyzing CSF; however, the evidence for antidepressants is conflicting [107, 108] . Cross-sectional studies mostly found no association between CSF parameters and psychotropic medication apart from a correlation between a higher albumin ratio [88] , higher IL-1alpha [78] , and IL-8 [86] with antipsychotic treatment, and none of the studies investigating this aspect longitudinally.
Concerning associations with clinical symptomatology, the only CSF parameters that correlated with symptom scores were IL-8 (depression) [77] , respectively albumin and IgG (schizophrenia) [6] . Increased inflammatory blood markers (e.g., CRP and IL-6) correlated with greater overall symptom severity in patients with depression, in particular with neuro-vegetative symptoms (e.g., sleep, appetite) [109] [110] [111] . However, only few studies explored associations between CSF markers and symptom severity or correlations between immune markers in serum vs. CSF, and we found conflicting results regarding correlation between IL-6 levels in CSF and serum [84, 102] .
Conclusion and perspectives
The present systematic review and meta-analysis suggests that subgroups of patients with schizophrenia spectrum or affective disorders may have CSF pathology with signs of BBB impairment, intrathecal antibody synthesis and elevated levels of inflammatory markers, autoantibodies and immunoglobulins. However, CSF findings varied greatly and important confounders were often not accounted for limiting any firm conclusions regarding CSF pathology in patients with depression or schizophrenia. Therefore, future studies should be longitudinal with systematic and standardized collection of CSF samples over time in larger study populations with healthy control subjects. Preferably, these studies should include newly diagnosed patients who are naive to psychotropic drugs, with CSF measurements prior to and at several time points after psychotropic drug initiation, with adjustments for variables that can affect the immune-related markers, e.g., smoking and BMI. CSF and peripheral immune markers, in combination with peripheral blood tests and brain scans, might aid in future trials on immune-modulating add-on treatment for subgroups of mental disorders. Finally, the emerging role of the immune system and CNS inflammation in mental disorders necessitates improved imaging methods, better methods for sampling small amounts of CSF using small needles and guided insertions and identification of brain derived proteins in blood. Adverse events after lumbar puncture was rare and 3.2-6% of patients received a revised (somatic) diagnosis following CSF analysis, suggesting that lumbar puncture can be an important supplemental diagnostic examination in psychiatric patient's potentially influencing treatment.
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